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Description 

This invention relatee to stents. It li desirable in various situations that means be nnwidae I tor 
«pJiTSSteL?^ Portion or tar maintaining an open passageway thn^ ■ « POJ™; 

, S £tl 0 n?aH ee . for example, In conjunction with Hi. disease known « **** « ft. 
arnwth of a tumor so as to restrict or stop flow of blood through alilood vessel. Dr. Charles potter et «. 
S ^1 n 19 S cn K, expelanta, M Of .Unto. wire stents plioed in die l«£t^ 
3*5 Although the coils exhibited long-term patency, .arrowing of to lumen «*^^ 
0rt iv small coils could be p*«ftd pereutaneously. Gee Dortor CT et al., Trarslumlnally-Piaced CQileprlng 

to ?1 Grl, Invest. Rail., 183S; 4:^33*. Recently. 

TpSaSBoSSSBB of a thermal shape memory alloy, mtlrol which I. f^^^T^^SS 
Cotter CT et at.. Transluminal Expandable Nltlno[ Coil Stent G^ng, Radiology, 

end Craao A. »|-5THgnnSrBWTIa^^ Radiology. Apnl, 1983 147.281 - 

S Such M canl^c^^ *r placement. Alao they 

, 6 have bean found to produce luminal narrowing due to fibrin deposition on the ^tsntj wires 

Other relerencsE which may have relevance to (he present invention are the following U.S. p&tems. 
U^»SS^SSik«l Simon *.4*5,90B; **d the Russian patent 978.621', also to .toeing 
.Scationl C Gianturco et al„ A new vane cava filter: experimental animal evaluation , RadtolQSY. 

so Alloy, Diagnostic Radiology, 125:139-94. October 1977*. Still another refe rence 'Plication ta D. Maass et al 
miogy Follow-up of Transluminal^ inserted Vascular Endoprostheses: An Experimental Study Using 
Ixp-gnding SprialB^aolology. September. 1984; 152: SS9-6S3. 

US-A-1872S81 relates to a resilient nostril dilator formed from a angle length of wtre bent into a 

configuration consisting of a number of bands joined by ttralght sections. 

H &-C-150127 describe, a dilator for the uterus consisting of a plurality of rods hinged together ,n a 
closed ag-zag configuration and expandibie by an external actuating means. 

ObSs ol the invention are to provide a stent which is easy to place and use and tot reduces flow 

" ft' iSlnSeV^^mprising a slng.e ,ength of wire formed Into a « ^ 
„ cJZJE^Z** of" endless series of straight section joined by a plurality of bends, wh^n the 
" *2£!S££ depression Into a smai.er firs, shape In which ai, of to » J™ 

side-bv-side and closely adjacent one another for Insertion into a passageway with the bends having a 
S^in^nd whe^.n to stent t, silently expandable by release ^^^T^Z 

in which all Of the straight sections define a generally circular or cynndrical configuration for pressing 

^SEn £ — ™* a luton there through , eafthaving 

an 2£Z**m arranged coaxiaily with said lumen and enlarged in ^^^tlZT^Z 
.0 Lb! "member having a closed end and having an outer siw sufficently small to l.t with.n .aid sheath yet 

^^^^*~™0* of cm ,0.0, 3 inches). In ^econd shape 

■ sample and with reference to the accompanying drawings, in which: 

FiQ. 1 is a side elevation of a preferred embodiment of the present Invention, 
FIG 2 is an end elevation of the structure of FIG. 1 . 

S i \ Tse^on through a biood vessel showino a lumor reducing to size of to blood ves eL 
„ FIG. 4 is a view similar to FIG. 3 showing one of the steps of the method of msertmg the stent of the 

FlSTs S3 6tS serial views showing further steps in the method illustrated lir .FIG. 4. 

FIG 7 is a view similar to FIG. 6 showing three stents having been placed in the biood vessel in accord 

« S ttSttlZStt* 7 ,ho*ng four stents being placed in a blood vessel In 
cveria Jng fi in accordance with a further embodiment of the method of the present invention. 
FlG WaJES Nation of a sheath used in the m,tod of Irroring to stent of ^^T^ 
HQ 10 i! a foetal view of to proximal end of to sheath showing .he stent being olaced into the 
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sheath a* a part of trie method of inserting the ma of the infant In^ntk*- . . 

Referrino now more particularly to the drawings, there is illustrated in FIG, 1 * side e tian Of a 

wira firmed In a closed zig-zag configuration. The wire is closed by * Slesve V which a ™ " 

slant l> mom in « r.s»«nlly comprtssri Ml sB»pe «*»» *• «r*W «™» 1 ' """"S" °* w 
.J^ZL^!. bono. 13 «... . «ft« ol n. » 0,0-. to. 12 ml*. «* 

FIG. 2 *• stent has generally a circuit configuration or a cylindrical configuration *nen ,t ie in its second 

" ^ST2%*. the method of inserting the stent of this invention. J* stent ■ 

first shape Bluwaied in FIG. 10 and is plaeeo wilhin a tubular cartridge 16 FIG. 10). The cartndg. 15 is 
nlrted^to Secess 18 in the adapter 17 of the sheath 20. The stent is 

£T» i J ™ana of a flat-ended pu S her 21. Thus In one specific embod ment or ^VJ^^* 
^ «H«ri njshar wu made of 8 French polyethylene tubing, although a flat-enoiC flexible metal rod J* 
"tSS. Ttha^nt 10 reaches the end of the sheath as shown in FIG. 4. th. flat-ended pusher ,* 
S^^i^tili^ M Shown in FIG. 5. This frees the stent, elio^g it to expand and »g 
^vesa! well as shown in FIG. 6, If desired *nd II necessary for th. partta-lar 

»££Zi£ be placed In the blood vessel in the same fashion as above 6 ^^Z £ lZ 
SB aSdlJonal two Stents are located one longitudinally of the first stent In the blood vessel end the other 
overlapping th. Urst stent while in FIG- 8, four overlapping stents are used. ,„ nrtMi - m 
of I invention, endovascular stents were designed and buiH ^^^^5^ £ 
diameter fully expanded; 3-0 cm long x 2.5 cm diameter fully expanded) from «« ' ^ * ° £ 6 c 
0018 inch J) formed in a zig-zag pattern. They were placed for varying penuds of um. ■ In > the 
30 SZiorTna cava and abdominal aorta of five dogs (see Table I below) ^ -th regard to ease of 

use dilatino force, migration, patency, thrombogenlclty, and local vascular changes. 

i?riduu monarel dogs (18-27 Kg) were used in the «udy. They were anesthetized vrth ..v. sodium 
p«I^V^1f^ the iugulsr vein, femoral vein, and femora, ^""^ft* 
isoS ,T ndsion «as made in 1 vessel, and . 8 French Teflon sheath cont^ng er ,8 French Teflon 
3S catheter with a taper-tip was Inserted and under fluoroscopic monitoring, advances juM beyond ^ of 
* tore t C stenTwascompressed and placed within a Teflon cartridge ^^^^^ 
a French sheath. The 8 French catheter was removed, the cartridge was placed m the sheath adaptor, and 
L stent was advanced through the sheath «Hh Hat-ended 8 French polyelhylene tubing When the stent 

another and/or one after another (Table 1). Following placement, angiograms were made ' an* 
Jne week, and then at monthly intervals to document stent position and vascular anato my ■ ™ B ^* 
euLnSd at the end of the study by exsanguine^ under deep Nembutal snesihes.a. and a complete 
necropsy was performed. 



so 
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TAtlLE I; Summary of vascular stent p)acemenl in five dofis. 



Uog i 

CWt) 



Stent Size VBscvlar Placement Duration 
{Number Used) - 

5,5 em two placed one inside tut other in 1 namf\ 

(5) abdominal eorta (AA) bridging the 

celiac, cranial mesenteric, tntf right 

renal *rt«rias 

Two placed one Jnsioe the' other in 
superior vena cava (SVC) at level 
of right atrium 

One placed in the Inferior vena 
cave (IVC) bridging both renal veins 

3.0 One pieced in right Jugular 6 cm 

above SVC, and 
<j) two pieced one Inside the other In left 

Jugular B em above Svc 

5.3 Gne pieced in AA bridging the J months 

celiac, cranial mcsenterici and 
"right renal arteries 

Two pieced one Inside the other in IVC 
bridging both renal veins 

3,0 Two placed one inside the other in SVC 

(31 at level of right atrium, and one 

placed 2,3 cm above the right atrium 

3 j One placed in AA bridging the * months 

(Z) cr«nl"l mesenteric and both 

renal arteries 

One pieced in IVC bridging both 
renal veins 



s s Tour pJaeed one after another in AA s months 

<j) beginning at diaphragm (111) and 

ending at 15 

JS Ons placed In IVC at level of diaphragm 

3k 1 one placed inside last Iupi? stent in AA 

(3) at level of La-15 

so Two placed one after another In 

IVC between the hepatic and renal veins 

No difficulties wars encountered in the placement of the andowascular stents. They were easy to use 
as and could be placed one inside another and/or one after another. The expansile strength of the stents was 
found to be dependent on stent length, diameter of stent wires, the number of folds in the wire of each 
stent, and the number of stents placed one inside another. Specifically, expansile teres increased with 
decreased length, Increased stent wire diameter, Increased number of wire folds, and increased number of 
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stents used. 

Angiograms made of the stented vessels showed no How detects, luminal narrowing, or occlusion. 
Bloo'd vessels bridged by the stents remained patent and showed no indication of narrowing even after six 
months, No migration was noted with 29 of the 30 stents placed. One long stent ;5.5 cm) placed alone In 

5 the inferior vena cava migrated approximately 2 cm cranlally during the first week fallowing placement, but 
no further movement occurred and no complications were encountered because Of this migration. 

Postmortem examinations showed the endothelial proliferation occurred around the stents where the 
wires contacted the vessel wait. 8y four weeks following placement, venous stents were almost completely 
(80%) covered by cell growth while aortic stents were just beginning (20%) to be incorporated. By 12 

>rj weeks, ell stents were covered with endothelium where the wires contacted the vessel wall. No growth was 
noted on wire segments that bridged side branches even after 8 months. In addition, no erosion of the 
vascular walls was noted, and no clot formation w*s seen on any of the stents. 

Percutaneous expandable endovascular stents can be made of various diameters end lengths from 
stainless steel wire formed in a zig-zag pattern. They are easy lo place perautaneously in vsins and arteries 

is and do not require the use of ice water or hot saline as do nitinol coils (2, 3). The dilating force of the stem 
can be controlled by manipulation of wire size, number of wire folds, and stent length. Expansion force 
Increases with larger wire, but so does the size of rhe collapsad stent which necessitates use of a larger 
sheath for placement. Increasing the number of wire folds and decreasing the stent length aiso Increase the 
dilating force. Therefore, stainless steel vascular stents can be tailor-made with regard to length, diameter. 

3D and expansion force. 

Multiple stents can be employed depending on the circumstance. II the vessel of interest is longer than 
one stent, several stents can be placed one after another with slight overlap at the ends. In addition, if the 
expansion strength of one stent is not sufficient, several stents can be placed one Inside another to increase 
rhe dilating force at a specific point. 

as Following placement in a blood vessel, the stent gradually becomes incorporated into the vascular wall 
toy endothelial proliferation around the wires where they contacted the wall. This is similar to what has been 
noted in other studies where metal wire has been placed In the vascular sy B tem (2, 3, 4). • Radiographic 
studies indicated that by one week after placement of the stent, sufficient endothelial proliferation had 
occurred to prevent migration, but during this first week, displacement was possible although not probable. 

M After being in place tor one month, the venous stents wire approximately fiO% encased by endothelium 
while the aortic StBnts were only about 30% encased. This difference is probably due to the greater flow 
and pressure in the aorta. By three months, all stent wires contacting the vessel wall were completely 
encased in endothelium. This incorporation into the vascular wall reduces thrombogenicity (3), but no dot 
was found even on the bare wires after 5 months, No cell growth was noted on any of the wire segments 

as not In contact with the vascular wall, e.g.. where stents bridged side branches. This observation corresponds 
with previous reports on the use of endovascular stainless steel wires (4). Therefore, the stents can bridge 
other vessels wfthoul occluding them or producing luminal narrowing at the branch points. This has not 
been reported for other types of endovascular stents {2, 3). Thus it appears that the stainless steel stents 
can be placed anywhere in the vascular system that will accomodate them. No luminal narrowing was noted 

40 in the started vessels even after six months. This differs from the nitinol endovascular stents which have 
been shown to product luminal narrowing within 4 weeks due to fibrin deposition on the stent wires (l. 2, 3). 

No clot formation was found on any of the stents at the time they were removed. This i* similar to 
previously reported results (2, 3). No vascular erosion was seen probebry because the vessels were normal 
and able to expand thus reducing the force of the stent wires against the vacular wall. 

4s Results from this evaluation indicate that these stents should find various clinical applications. These 
may Include re-establlshment of llow in veins compressed by neighboring tumor (supenor vena cava 
syndrome), maintenance of vascular patency after percutaneous beltoon dilations, and correction of 
incomplete, long, irregular vascular stenosis. In eddton, It may be possible to use these stents In other 
systems such as the respiratory, biliary, end urinary tracts to reinforce collapsing structures from extrinsic 

so compression from neoplasm, maintain the dilatation of a balloon dilated segment of ureter, urethra, <v 
bowel, aortic dissection, eoroc aneurysm, and localization of a chronic puncture site. 



55 1. A stent (9) comprising a single length of wire formed into a closed zig-zag configuration consisting of 
an endless series of straight sections (12) Joined by S plurality of bends (13). wherein the stent is 
resiliently depressible into a smaller first shape in which an of the straight sections are arranged Side- 
by-side and closely adjacent one another for inserticn into a passageway with the bends having a 
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strew (herein, and wherein the stent !■ W*"* «* T'VLSiTin^rS 

shape In which ell of the straight new** define i genaraly circular or cyllndr::al configuration for 
pressing against the wall oi the passageway to maintain « open. 
2. In combination, the stent of Claim i and a tubular cartridge (15) having salo stent t8) therein, said stent 



3. The combination of Claim 2 additionally comprise, a sheath (20) having a lurw ^ J^jJ? 
sheath havtna an adapter recsss arrsnged coaxially with said lumen and enlarge;: in sias relative » 
„ 2 flan ^1-lTa member (21) having a G lo.*d end and having an , autr* «. sufficiently smaiito 
fit within said sheath yet sufficiently large to push said stBnt 0) out of said sheath. 

A. The sunt of Claim 1 wherein said wire is slalnlesa steal of 0.046 cm (0.01 S Inches! CD. 

ts 5. The stent of Claim 4 wherein said stent in its second shape Is 5.5 om long and 4 cr. in diameter. 

6. The stem Of Claim 4 wherein said stent In Its second shape la 3.0 cm long and 2.5 an in dlametar. 

7. The stent of Claim 4 wherein said bend, are relatively sharp and are at a radius :r no more than 0.2 



Ecsnsur (B) compreiant un seul frozen da fit matalSque ayant we configurate anu . Ijmi« 
consti.ua d'une serle sana fin de troncons rectlllgnes (12) rellSs par pluses ecudt* (13). lecarteur 
pouvantetre replied elastiquement a una premiere configuration de p««av dimentlcn dan* ' 
L troncons rectMlgnes sont places cite a cote at flit p* lea uns das 
puisne Stre imrodult dans un passage alora qua las coudes sont soumis a une ^*™»J»" r 
oouvait se dllater elastlquamant par suppression de la conlrainte at prenant une seconds corttguranon 
M dW tS i S tronson. rscMgne. delimit une configuration circular ou cyandnque de 
faTon SSL afin que tattur repousse la paroi du pea.ag. at m.lntienne «lul-cl sous forme 
ouverte. 

9. En ccmbinalson. I'ecarteur de la revendication 1 et une cartouche tubulslre (15) dar . P ,ac * 
as I'ecarteur (9). I'ecarteur etanl repliS elastiquement a sa premiere conjuration de ptfhj dimension. 

*, Combinaison selon la revendication j, compranan, an outre una gain* (20) J^?™*^^ 
avant una cavil* d'sdaptateur disposes coaxlalement a I'ouverture et de dimsnsw agrandie par 
aCTla'mte. 5 un organs &* (21) ayant un* somite termae et don, * 
« est suffisamment petite pour qu'H « lege dans la gaine mala suffisamment grarca pour qu il punhb 
repousser I'ecarteur (9) en-dehqra de Is gaine. 

4. Ecsrteur selon la revindication 1, dans lequel le f|l metallique est forme d'aclsr Inoxydable et a un 
diametre exteme de 0,046 om (0.018 pouce). 

" 5. Ecarteur selon la revendication 4, dsns lequel I'ecarteur, lorsqu'll a *a seconds configuration, a une 
longueur da 5,5 cm et un dlametre de 4 cm. 

5. Ecarwur selon la revendication 4. dan's lequel, breqifll a sa seconde configurer, I'ecarteur a une 
so longueur de 3.0 cm et un diametre de 2,5 cm. 

7. Scarteur selon la revendication 4. dans lequel les coudea sont relativement algus e: ont un rayon qui ne 
depasse pas 0,2 cm. 

ss Anspruche 

1 Stent (0) bzw. mediziniBChes GerM wr GefiUaufweltung, aurweisend *in EinzelcrEhtBtuck. welchas in 
einTgeschlossene Zickzack-Gestalt geformt 1st, die aus einer endlosen Aneinanderrsihung von gersden 
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Abschnitteo (12) gebildet ist. die uber sin* Mehrzahl von Slogungen ccer Rlegestellen (13) verbunden 
and. wobei der Stent in sine srste. kleinere Gestaft nachgiebig assfflmajndruckbar ist, in welcher all* 
geraden Abschnilte zwecka Einfiihrung in einen Durchgang seitlich nebeneinanderliegend und dicht zu 
einander benachbart angeordnet sind, wobei die Biegeatellen unter Scannung stehen. und wobel der 
Stent durch Freigabe der Spannung In eine zweile Geatait nachgiebig aufweitbar ausgebildat ist, In 
welcher alia geraden Absehn'rtte einen im wesentlfchen kreisformigen ec'er zylindrischen Aufbau zwecks 
Anpressung gagert die Wand dee Durchganges festlegen. um dieaen often zu halter. 

2. Kombinatlon sines Slants nach Ansoruch 1 und einer rohrffirmlgen dsn Stent (9) enthaitenden Patrone 
(15), wobei der Stent in win* anita, kleinsre Qestalt elastisch zusammangedrGckt 1st, 

3. Combination nach Ansprucn 2. zusStzllch aufweisend linen Mantel (20} mit ainam durch Ihn hindurch- 
gfihenden Durchgang, wabei der Mantel elne Adapterausnehmung aufweist, die koexial zu dem 
Durchgang und in ihrer Gtffle Im Vergleieh zum Durchgang groflef ausgebildet 1st. und aufweisend 
einen flexible Tail (21 }, der ein abceschioaaents End* unci aine SuiJere Grofle aufweist. die ausrei- 
chand kleln. damlt er in den Mantel paflt, jedoch Huureichend grofl sstr. um den Stent (9) aus dem 
Mantel herauszustofleri. 

4. Stent nach Anspruch 1, dadurch gekennzefchnet, dafi der Draht sua restfreiem Stahl mit einem 
Durchmessar von 0,048 cm (0,01 B Inches) basteht 

5. Stent nach Anspruch 4. dadurch gekennzeichnet, dafl der Stent In seiner zwelten Gestalt 5,5 cm lang 
1st und einen Ourchmesser von 4 cm hat. 

0. Stent nach Anspruch 4, dadurch gekennzeichnet, dafl der Stent in seiner zweiten Gestart 3 cm lang ist 
und elnen Durchmesser von 2,5 cm hat. 



Stent nach Anspruch *, dadurch gekannzelchnet. dafl dla Blegestollan relaHv spltzwlnkllg ausgebildet 
sind und einen Radius von nicht mshr als 0,2 cm aufweisen. 
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